The cytoplasmic basis of a heritable difference in phenotype is inferred from its failure to be transmitted from parent to offspring in the manner expected of a nuclear controlled difference. This generally means nonMendelian inheritance, of which reciprocal differences are the simplest evidence. In some fungi reciprocal crosses have been used to distinguish between differences of nuclear and cytoplasmic origin (Mitchell and Mitchell, 1952 ; Day, 1959) but in most species the life cycle makes it necessary to draw this distinction without the aid of either reciprocal crosses or even of sexual reproduction. In these species we must rely on expectations derived from other properties of nuclear controlled differences to effect this separation.
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In heterokaryons the component nuclei sort out as units in the production of asexual spores without any genic recombination between them. Hence each kind of nucleus can be marked and followed unambiguously in asexual spore production by a single mutant gene. If, therefore, in the asexual progeny of a heterokaryon a difference in phenotype fails to remain in association with the nuclear marker with which it entered the heterokaryon then the difference must be under cytoplasmic control (Jinks, 1954 (Jinks, , 1956 (Jinks, , 1958 (Jinks, , 1959 Pittenger, 1956 ; Gowdridge, 1956 ; Arlett, 1957 ; Gibson and Griffin, 1958 ; Mahony and Wilkie, 1958 ; Roper, 1958 ; Sharpe, 1958) . A single difference in phenotype between two homokaryon isolates cannot be classified directly by this test. Nor can the test he successfully used with two independently occurring differences in phenotype between the components of the heterokaryon unless one is known to be nuclear in origin. However, additional expectations for nuclear controlled differences can he derived frcm cytological investigations. Cytology can trace back the history of the nuclei of the asexual spores of a heterokaryon and tell us whether to expect only homokaryotic spores, or if heterokaryotic spores can be produced, their maximum frequency. It can further tell us whether all the spores in the same chain or head should have identical genotypes (Baker, 1944; Pontecorvo and Gemmell, 5944; Baker, 5945 ; Miller, 1946; Rees andJinks, 1952 Pontecorvo, 5953 ; Buxton, 5954; Ishitani and Saka- guchi, '9a, b ; Gibson and Griffin, 1958) . Hence, failure of a difference in phenotype to behave according to these expectations would rule out a nuclear origin. On the other hand, agreement with these expectations is not in all cases unambiguous evidence of a nuclear origin.
In sexual species cytoplasmic differences are known which segregate at asexual spore formation in a manner analogous to the sorting out of whole nuclei. This leads to a segregation pattern in the asexual progeny which is similar to that of a heterokaryon producing a high proportion of heterokaryotic spores (Pittenger, 1956 ; Arlett, 1957 ; Catcheside, 1958 ; Gibson and Griffin, 1958 ; Jinks, 5958, 1959) . There is no reason to believe that similar cytoplasmic differences are not also present in imperfect fungi. Thus in those heterokaryons where we expect the production of a high proportion of heterokaryotic asexual spores, to observe a segregation in the asexual progeny compatible with this expectation is not proof of a nuclear origin.
If we apply these criteria to the many investigations into the nature of the wild variation in the imperfect fungi few can still be regarded as pro-. viding conclusive evidence as to its causation. Among those which do are the demonstrations of heterokaryosis in imperfect Penicillium (Jinks, 1952a, b Rees and Jinks, 1952) , Aspergillus (Ishitani and Sakaguchi, 1955a, b) and Fusarium (Buxton, 1954) species. In these examples the complete accord between the detailed cytological evidence and the segregations observed in the asexual progeny of the heterokaryon leave no doubt as to the nuclear origin of the variation.
The "dual phenomenon" which is probably the most widely reported type of variation in the imperfect fungi has generally been attributed to the nuclei (Hansen and Smith, 1932 ; Hansen, 1938 Hansen, , 1942 Hansen and Snyder, 1944) . The regularity of the segregation of the asexual progenies of" dual " fungi led Hansen to suggest that the "duality " sprang from the persistent association ofdifferent nuclei. This explanation has been generally accepted, but its acceptance has rested largely on a correlation claimed between the proportion of asexual spores of a "dual" colony which give rise to "dual" colonies ; the number of distinct phenotypes among these "dual" colonies ; and the number of nuclei in the asexual spores. While this correlation may have a general validity such evidence would be more compelling if, as suggested earlier, the origin of the nuclei in the spores was also known. Thus where all the nuclei of a single multinucleate or multicellular spore produced by a heterokaryon arise from the mitotic division of a single nucleus (Baker, 1945; Buxton, 1954; Ishitani and Sakaguchi, 1955b ; Gibson and Griffin, 1958 ) a "duality" based on heterokaryosis can no more be transmitted through single asexual spores than in those species of fungi which produce only uninucleate spores (Baker, 1944; Miller, 1946) . The evidence, as it stands at present, therefore, by no means rules out a cytoplasmic origin of variation included under the heading of the "dual phenomenon ". Furthermore, every characteristic of the "dual phenomenon" can be paralleled by cytoplasmic determinants. The cultural, morphological and physiological differences which distinguish the components of a "dual "fungus can arise by cytoplasmic change. They arise spontaneously especially in aged material (Jinks, 1954 (Jinks, , 1956 (Jinks, , 1958 (Jinks, , 1959 Gibson and Griffin, 1958; Sharpe, 1958 ; Marcou and Schecroun, 1959) , they may be recovered from the wild and they are readily induced by a variety of treatments (Arlett, 1957 ; Jinks, 1958 ; Roper, 1958) .
The changed cytoplasmic determinants are capable of existing side by side with their wild-type, unchanged counterparts (Pittenger, 1956 ; Arlett, 1957 ; Jinks, 1958 Jinks, , 1959 Gibson and Griffin, 1958 ; Marcou and Schecroun, 1959) . These mixed cytoplasms or heteroplasmons can be produced in a manner analogous to heterokaryon formation (Gowdridge, 1956 ; Pittenger, 1956 ; Arlett, 1957 ; Gibson and Griffin, 1958 ; Jinks, 1959; Marcou and Schecroun, 1959) or may arise spontaneously by mutation in some, but not all, of the representatives of a cytoplasmic element within a spore or hypha (Arlett, 1957 ; Jinks, 1958 Jinks, , 1959 .
Segregation from a cytoplasm of mixed origin has been obtained in five species of fungi (Pittenger, 1956 ; Arlett, 5957 ; Gibson and Griffin, 1958 Jinks, 1958 Marcou and Schecroun, 5959) and in others, observations compatible with such a segregation have been reported (Mahony and Wilkie, 5958 ; Roper, 5958 ; Sharpe, 5958) . In fact, segregation from a cytoplasm of mixed origin has been used as a critical test for detecting functional differences between the components of the mixture (Arlett, 5957 ; Jinks, 1958 Jinks, , 1959 .
Thus our present knowledge of the behaviour of mixed cytoplasms suggests that they could afford a satisfactory alternative to heterokaryosis as an explanation of the " dual phenomenon ".
With this possibility in mind four examples of the " dual phenomenon" in new isolates of Penicillium species of the Assymetrica group have been examined using our criteria for distinguishing between differences of nuclear and cytoplasmic origin in imperfect fungi. A cytological investigation showed that only one nucleus entered each asexual spore. Thus, irrespective of the final number of nuclei per spore they would remain homokaryotic.
Hence a cytoplasmic basis of the " duality "was inferred for two of the four isolates when over 500 single spore propagations gave 57 per cent. " dual" colonies which were capable of further segregation. This was made even clearer when a mutation from green to white spores occurred in one component of one of these two isolates. This mutant segregated exactly as predicted for a nuclear controlled difference in a heterokaryon test with its wild-type partner, giving only white spored and green spored homokaryotic colonies. Furthermore, the spore colour difference segregated independently of the difference in colonial morphology and sporulation density which is the basis of the " duality " in this isolate.
Each of the two remaining isolates gave only two stable phenotypes in their asexual progenies ; one with normal sporulation and one which produced abundant mycelium but few spores. One of these isolates was investigated further. A white spore colour variant was induced in its normal sporulating component, and a heterokaryon made between this and its wild-type low sporing partner. In the asexual progeny of the heterokaryon, spore colour and sporulation density remained in their original association. Hence both the initial difference in sporulation density and the difference in spore pigmentation are presumably under nuclear control in this isolate. Thus in our material the "dual phenomenon" may have either a nuclear or a cytoplasmic basis and hence a "dual" colony may be either .a heterokaryon or a heteroplasmon. And while the importance of nuclear variation has long been appreciated, these results suggest that cytoplasmic variation is an equally important but neglected source of variation in wild imperfect fungi.
